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0 Tomato resistant to cucumber mosaic virus and method for transforming tomato. 



0 A tomato resistant to cucunnber mosaic virus and 
a method for transforming tomatoes are disclosed. 
The tomato has a cDNA of a satellite RNA of cu- 
cumber mosaic virus. The method for transforming a 
tomato according to the present invention comprises 



transforming the tomato with Agrobacterium 
tumefaciens to which a plasmid containing a DNA 
region originating from the virulence region of Ti 
plasmid pTiBo542, and a cDNA of a satellite RNA of 
cucumber mosaic virus are introduced. 
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ABBREVIATION : NPT : neotycln phosphotransferase, Ori : replication origin of ColEl 
Cos : Cos site of I phage. BR : border of right, BL : border of left. 
TC : tetracycline-resistant gene, SPEC : spetinonycin-reaistant gene, 
Nos : proHOter of nopal ine synthase. 73 : cDNA of 73-satRNA, 
AP : aRpicillin-reaiBtant gene, B : Ban HI, K :.Kpn 1. S : Sal I. Sa : Sac II. 
E : Ego RI. P : Pat I 
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BACKGROUND OF THE INVENTION 

I. Field of the Invention 

This invention relates to a tomato resistant to 
cucumber mosaic virus and to a method for trans- 
forming a tomato so as make the tomato resistant 
to cucumber mosaic virus. 

II. Description of the Related Art 

Cucumber mosaic virus (hereinafter also re- 
ferred to as "CMV" for short) is an important 
pathogenic virus with which a wide variety of plants 
are infected. However, since no cultivated tomato 
varieties or no wild type tomatoes are resistant to 
cucumber mosaic virus, only the Indirect methods 
for the prevention of infection of this virus, such as 
methods of cultivation and application of agricul- 
tural chemicals, are now employed. 

Recently, the development of genetic recom- 
bination technique has made it possible for a plant 
to acquire resistance to a virus by the transforma- 
tion by which a gene encoding the coat protein of a 
virus or a gene encoding satellite RNA is intro- 
duced. 

It is known that If an avirulent virus is prelimi- 
narily inoculated to a plant, even if the plant is later 
infected with a highly virulent virus of the same 
species as the preliminarily inoculated avirulent 
virus, the severity of the disease caused by the 
highly virulent virus is attenuated. It is thought that 
this interference action Is due to the fact that the 
preliminarily inoculated virus prevents the uncoat- 
ing of the later infected virus. It is thus known that 
by introducing a gene encoding the coat protein of 
a virus into a plant by a transformation method, the 
plant acquires the resistance to the virus according 
to the similar mechanism to the above-mentioned 
interference action. For example, the attenuation of 
diseases has been reported for tobacco mosaic 
virus (Powell et al., Science 232:738-743. 1986), 
alfalfa mosaic virus (Tumer et al., EMBO J. 6:1181- 
1188, 1987; and Loesch-Fries et al., EMBO J. 6: 
1845-1851. 1987), potato virus X (Hemenway et al., 
EMBO J. 7:1273-1280, 1988), potato virus Y 
(Lawson et al., Bio/Technology 8:127-134, 1990) 
and cucumber mosaic virus (Cuozzo et al., 
Bio/Technology 6:549-558, 1988). 

Cucumber mosaic virus is an RNA virus. The 
virus particle normally contains four kinds of RNAs 
(i.e., RNA1, RNA2. RNA3 and RNA4). RNA1 and 
RNA2 have genes concerning the replication of th 
RNA virus. The gene on the 5* region of RNAS is 
thought to take part in the intercellular transfer of 
the virus. RNA4 is the same as the gene on the 3* 
region of RNA3 and has a gene of the coat protein 
of the virus. However, some cucumber mosaic 



virus isolates have an additional RNA called sat- 
ellite RNA. This satellite RNA is a low molecular 
weight RNA with a siz of 330 - 390 bases. The 
satellit RNA per se do s not have an ability to 

5 replicate and the replication thereof Is dependent 
on the parent virus. An important characteristic of 
the satellite RNA is that it changes the symptoms 
of the infected plants. That is. when cucumber 
mosaic virus and a satellite RNA are simultaneous- 

10 ly replicated in a host plant, the replication and 
accumulation of the virus in the host are often 
inhibited so that the symptoms caused by the virus 
are attenuated. Thus, it was tried to introduce the 
satellite RNA into a plant by an appropriate trans- 

75 formation method so as to express the satellite 
RNA in the plant, thereby inhibiting the replication 
of cucumber mosaic virus and the development of 
the disease. The attenuation of the symptoms has 
been reported in tobacco (Harrison et al., Nature 

20 328:799-802, 1987; and Japanese Laid-open Patent 
Application (Kokal) No. 64-27474). Although a to- 
mato having a satellite RNA introduced therein was 
produced, the symptoms were severer than in the 
normal tomatoes so that it was failed to give to a 

25 tomato the resistance to cucumber mosaic virus 
(McGarvey et al., Biochem. and Biophys. Res. 
Commun. 170:548-555, 1990; Tousch et al., C.R. 
Acad. Sci. Paris 311, Serie 111:377-384, 1990). 

Thus, nobody has succeeded in producing a 

30 tomato which exhibits a practically sufficient resis- 
tance to cucumber mosaic virus by introducing a 
satellite RNA into the tomato. 

SUMMARY OF THE INVENTION 

35 

Accordingly, an object of the present invention 
is to provide a tomato which has excellent resis- 
tance to cucumber mosaic virus. 

Another object of the present invention is to 

40 provide a method for transforming a tomato so as 
to give to the tomato the resistance to cucumber 
mosaic virus. 

The present inventors Intensively studied the 
satellite RNAs of cucumber mosaic virus. As a 

45 result, the present inventors succeeded in isolating 
a satellite RNA which has an extremely high 
symptoms-attenuating effect and which does not 
show adverse effects, such as changing of the 
color of the tomato to yellow and aggravation of the 

50 symptoms, and also succeeded in producing toma- 
toes highly resistant to cucumber mosaic virus by 
introducing this satellite RNA to the tomatoes, 
thereby completing the present invention. 

That is, the present invention provides a to- 

55 mato resistant to cucumber mosaic virus, which 
has a cDNA of a satellite RNA of cucumber mosaic 
virus. 

The present invention also provides a method 
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for transforming a tomato comprising transforming 
said tomato with Agrobacterium tumefaciens to 
which a plasmid containing a DNA region origin at- 
ing from the virulenc region of Ti plasmid 
pTiBo542. and a cDNA of a satellite RNA of cu- 
cumber mosaic virus are introduced. 

By the present invention, tomatoes with prac- 
tically sufficient resistance to cucumber mosaic 
virus, which are not suffered from the delay in 
growing or the reduction of the yield of fruits, as 
well as a method for producing the tomatoes were 
provided. The tomato of the present invention Is a 
CMV-reslstant tomato which substantially does not 
xhlbit the symptoms even when infected with cu- 
cumber mosaic virus ordinary strain (0 strain). 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view for explaining the construction of 
plasmid pYS143; 

Fig. 2 shows the complete base sequence of 
T73-satRNA; 

Fig. 3 schematically shows the results of the 
Southern blotting analysis of the transformants 
Sat-71 and Sat-72; 

Fig. 4 schematically shows the results of the 
Northern blotting analysis of the transformants 
Sat-71 and Sat-72; and 

Fig. 5 schematically shows the results of the 
agarose gel electrophoresis of the RNAs of the 
transformant Sat-71 inoculated with cucumber 
mosaic virus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the present invention, it is necessary to use 
a satellite RNA of cucumber mosaic virus, which 
has a high symptoms-attenuating effect for toma- 
toes and which hardly exhibits adverse effects in 
tomatoes. The present inventors collected the 
plants infected with cucumber mosaic virus, which 
exhibit mild symptoms. From the collected plants, 
four kinds of satellite RNAs were isolated. These 
satellite RNAs were named S19-satRNA, T43- 
satRNA, T62-satRNA and T73-satRNA, respective- 
ly. By inoculating these satellite RNAs to tomatoes, 
it was found that T73-satRNA exhibits the highest 
symptoms-attenuating effect (Masuta et al., Ann. 
Phytopath. Soc. Japan 56:207-212, 1990). The 
base sequence of the T73-satRNA Is shown in Fig. 
2, and the base sequences of the above-mentioned 
four kinds of satellite RNAs ar described in 
Masuta et al., supra. It should be noted that the 
satellite RNAs which may be employed in the 
present invention are not restricted to those men- 
tioned above. A satellite RNA which may be em- 
ployed in the pr sent invention may be obtained by 



Infecting a plant such as tobacco with cucumber 
mosaic virus, which plant exhibits symptoms upon 
being infected with cucumber mosaic virus, extract- 
ing the satellite RNA by a conventional method 

5 from the plant exhibiting attenuated symptoms, in- 
fecting tomatoes with the thus obtained satellite 
RNA and cucumber mosaic virus, and selecting the 
satellite RNA which gives an excellent resistance to 
the cucumber mosaic virus. 

10 The method for producing the CMV-resistant 
tomato according to the present invention will now 
be described. 

In order to Introduce the satellite RNA and to 
express it in a plant, it is necessary to convert the 

15 satellite RNA to cDNA. Therefore, a cDNA contain- 
ing a region corresponding to the full length of the 
satellite RNA is cloned by a conventional method 
employing a synthetic primer and a reverse tran- 
scriptase. 

20 The cDNA of the satellite RNA thus obtained 
may be introduced into tomatoes by transformation 
method. The efficiency of the transformation of 
tomatoes is hitherto low. and for some varieties, the 
transformation is extremely difficult. The present 

25 inventors developed a novel method for transforma- 
tion of tomatoes which has very high efficiency and 
which does not damage the tomatoes. The cDNA 
of the cucumber mosaic virus satellite RNA may be 
introduced into tomatoes by this method. 

30 In this method, tomatoes are transformed with 
Agrobacterium tumefaciens in which a plasmid 
containing a DNA region originating from the viru- 
lence region of a Ti plasmid pTiBo542 (Jin et al.. 
Journal of Bacteriology 169:4417-4425. 1987) and 

35 a cDNA of the satellite RNA of cucumber mosaic 
virus are introduced. The DNA region originating 
from the virulence region of pTiBo542 may prefer- 
ably contain virB, virG and virC genes. A preferred 
example of such a plasmid is the plasmid 

40 pTOK162 which will be described in detailed in the 
examples hereinbelow described. The cDNA of the 
satellite RNA of cucumber mosaic virus may be 
inserted into the T region of the plasmid. Although 
this insertion may be attained by a conventional 

45 subcloning technique employing restriction en- 
zymes, in some cases, it is not easy to insert the 
desired DNA in the T region of a large plasmid 
having a number of restriction sites such as plas- 
mid pTOK162. In such a case, the desired DNA 

50 can be inserted in the T region of pTOK162 by 
utilizing the in vivo homologous recombination 
(Herrera-Esterella et al, EMBO J. 2:987-995, 1983; 
Horch et al., Science, 223:496-498, 1984) in the 
cells of Agrobacterium tumefaciens. That is, 

55 pTOK162 is preliminarily introduced into Agrobac- 
terium tumefaciens and the plasmid pBR322 (or a 
similar plasmid) containing the cDNA of the sat- 
ellite RNA is further introduced into Agrobacterium 
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tumefaciens. Since pTOK162 has a r gion homolo- 
gous with a region of pBR322, the pBR322 deriva- 
tive containing the cDNA of the satellite RNA is 
inserted into pTOK162 by th genetic recombina- 
tion via the homologous regions. Unlike pTOK162, 
pBR322 cannot replicate by itself in Agrobacterium 
tumefaciens . Therefore, pBR322 can only be alive 
in Agrobacterium tumefaciens in the inserted form 
in pT0K162 (the recombined pTOK162 and 
pBR322 is hereinafter designated 
"pTOK162::pBR322"). By selecting the transform- 
ants based on the selection markers (such as drug 
resistance) specific to each of pTOK162 and 
pBR322 derivative, Agrobacterium tumefaciens 
transformants containing pTOK162::pBR322 may 
be obtained. 

By culturing the Agrobacterium tumefaciens to 
which pTOK162::pBR322 is introduced together 
with fragments of cotyledon of a tomato, the cDNA 
of the satellite RNA may be introduced into the 
tomato. After washing the cotyledon fragments, the 
transformed plants may be selected based on the 
selection marker. That is, if the selection marker is 
a drug resistance, the transformants may be ob- 
tained by placing the cotyledon fragments on a 
stem and leaf -differentiation medium containing the 
drug and then placing the plants resistant to the 
drug on a rooting medium. 

A tomato resistant to cucumber mosaic virus 
may be selected by checking the morphologies 
and characteristics of the thus obtained transfor- 
mants, confirming the introduction of the cDNA of 
the satellite RNA and transcription of the mRNA 
therefrom and by actually inoculating cucumber 
mosaic virus to check the resistance. 

The present invention will now be described by 
way of examples thereof. It should be noted, how- 
ever, the examples are presented for the illustration 
purpose only and should not be interpreted in any 
restrictive way. 

In the following examples, unless otherwise 
specified, the operations were carried out in accor- 
dance with the methods described in T. Maniatis, 
Molecular Cloning, Cold Spring Harbor (1982)). 

(1) Isolation of T73-satRNA and Cloning of cDNA 
Thereof 

Various cucumber mosaic viruses were col- 
lected mainly from tobacco fields in Tochlgi Pre- 
fecture, Japan and four kinds of satellite RNAs of 
cucumber mosaic viruses were isolated. These four 
kinds of satellite RNAs were designated S19- 
satRNA, T43-satRNA, T62-satRNA and T73- 
satRNA. respectively. These satellite RNAs of cu- 
cumber mosaic viruses were inoculated to toma- 
toes to find that T73-satRNA especially excels in 
attenuating the disease in tomatoes (Masuta et al., 



supra). 

A cDNA containing the full length of T73- 
satRNA was cloned using a synthetic primer and a 
r vers transcriptase. This operation was carried 

6 out as follows: Using a synthetic probe which is 
complementary to the 3'-terminal region of T73- 
satRNA as a primer, the first strand of the cDNA 
was synthesized to obtain an RNA-DNA hybrid. 
After treating this hybrid with RNaseH. the second 

70 DNA strand was formed by using a synthetic probe 
which is complementary to the 3'-terminal region of 
the thus produced DNA chain as a primer. The 
thus obtained full length cDNA was inserted in 
plasmid pUC119 (commercially available from 

75 Takara Shuzo Co., Ltd., Kyoto, Japan) at Sma I 
site. 

(2) Insertion of Satellite RNA into Plasmid 
PTOK162 

20 

The cDNA obtained in (1) was inserted into an 
expression vector for plants pLGV2382 to obtain 
pLGV2382-73sat. This recombinant vector was di- 
gested with restriction enzymes Hin dill and Pvu II 

25 and a DNA fragment containing~Nos promoFer, 
T73-satRNA and Nos terminator was recovered. 
This DNA fragment was treated with E. coli DNA 
polymerase I Klenow fragment to blunt the ends. 
On the other hand, pBR322 containing the spec- 

30 tinomycin resistant gene originated from 2.5 kb Cla 
I fragment of transposon Tn7 was digested with Cla 
I and the resulting fragment was blunted with~B 
coli DNA polymerase I Klenow fragment. The resuF 
tant was ligated with the above-mentioned blunted 

35 DNA fragment by T4 ligase to obtain a plasmid 
pYS134 containing the cDNA of T73-satRNA and 
the spectinomycin resistant gene. The thus ob- 
tained pYS134 was introduced into Agrobacterium 
tumefaciens LBA4404 (Hoekema et al., Nature 

40 303:179-180. 1983) containing a plasmid pTOK162 
(Komari. Plant Cell Report 9: 303-306. 1990) con- 
taining genes giving resistances to kanamycin and 
tetracycline by triple cross (Ditta et al., Proc. Natl. 
Acad. Sci. USA 77:7347-7351, 1980). Then colo- 

45 nies resistant to both kanamycin and spec- 
tinomycin were selected. The selected resistant 
colonies emerged due to the recombination be- 
tween the plasmids pYS134 and pTOK162 at their 
homologous regions. By the operations described 

50 above, a plasmid having T73-satRNA inserted in 
plasmid pTOK162 was constructed. This plasmid 
was named pYS143. The process for constructing 
plasmid pYS143 is shown in Fig. 1. 

55 (3) Transformation of Tomatoes 

Tomatoes were transformed with the LBA4404- 
(pYS143) obtained in (2). As the tomatoes, variety 
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Momotaro (commercially available from Takii Co., 
Ltd., Kyoto, Japan) and JTM-7 (grown in Plant 
Development Laboratori s of Japan Tobacco, Inc.) 
w re us d. S eds of th se tomatoes were steriliz d 
with ethanol and sodium hypochlorite, and then 
sown in a medium containing the inorganic salts of 
Linsmaier and Skoog medium (1965), 30 g/l of 
sucrose and 0.9% of agar. Ten days after the 
sowing, cotyledons of the tomatoes aseptically ger- 
minated were cut into pieces sizing 0.7 cm x 0.7 
cm. One gram of the resulting fragments of the 
cotyledons and about 10^ cells of Agrobacterium 
tumefaciens were incubated together in a liquid 
medium containing the inorganic salts of Linsmaier 
and Skoog medium and 30 g/l of glucose for 40 
hours at 23°C. The thus treated fragments of the 
cotyledons were washed with sterilized water to 
wash off bacteria and then the fragments were 
placed on an agar (0.9%) medium containing the 
inorganic salts of Linsmaier and Skoog medium, 
0.3 mg/l of indole acetic acid, 10 mg/l of isopen- 
t nyladenine, 100 mg/l of kanamycin, 250 mg/l of 
cefotaxime and 30 g/l of glucose. Twenty days 
after the commencement of the culturing, 
kanamycin-resistant calll emerged. These calli were 
further cultured on the same medium for additional 
15 days. As a result, stems and leaves showing 
resistance to kanamycin emerged. These stems 
and leaves were cut and the cut pieces were 
placed on an agar (0.9%) medium containing the 
inorganic salts of Linsmaier and Skoog medium, 30 
g/l of sucrose and 250 mg/l of cefotaxime. Thirty 
days after the commencement of this culturing, the 
plants from which roots were grown were cultivated 
in a closed green house. As a result, four regener- 
ated plants were obtained from JTM-7 (designated 
Sat-71 , Sat-72, Sat-73 and Sat-74) and three regen- 
erated plants were obtained from Momotaro 
(designated as Satm-11, Satm-12 and Satm-13). 

(4) Morphologies of Regenerated Plants 

The characteristics of the regenerated plants 
obtained in (3) and their parent varieties JTM-7 and 
Momotaro were compared. As a result, it was con- 
firmed that the morphologies and the growth char- 
acteristics of the regenerated plants were the same 
as those of the parent varieties. Further, the fer- 
tilities and formations of fruits of the regenerated 
plants were normal as In the parent varieties. 

(5) Confirmation of Introduction of T73-satRNA 
Gene by Southern Blotting Analysis 

Among the regenerated plants. Sat-71, Sat-72, 
Satm-11, Satm-12 and Satm-13 were checked for 
the introduction of T73-satRNA gene by Southern 
blotting analysis. First, total DMAs were extracted 



from each of these five plants by the method of 
Komarl et al (Komari et al., Theor. Appl. Genet. 
77:547-552, 1989). The obtained total DNAs wer 
digested with a restriction nzyme Bam HI and th 

5 resultant was subjected to agarose gel elec- 
trophoresis. The separated DNA fragments were 
transferred to a nylon membrane (Gene Screen 
Plus, commercially available from Dupont), and 
Southern blotting analysis was carried out using 

10 Hin dill - Eco Rl fragment of pUC119-73sat, which 
has a size of 0.4 kb and which was labelled with 
32p by the random prime method (the kit is com- 
mercially available from Boehringer Mannheim). 
The results are shown in Fig. 3. As shown in 

75 Fig. 3, a band corresponding to a size of 5.8 kb 
was detected In Sat-71 and Sat-72. This size sub- 
stantially corresponds to the size of the Bam HI 
fragment containing the introduced T73-satRNA 
white such a band was not detected in the parent 

20 plant JTM-7 which was also analyzed as a control. 
From these results. It was confirmed that the cDNA 
of T73-SatRNA was introduced into these two 
plants. 

On the other hand, the same analysis was 
25 carried out for the three transformants originated 
from Momotaro. As a result, the Introduction of the 
cDNA of T73-satRNA was confirmed in all of the 
three transformants originated from Momotaro. 

30 (6) Confirmation of Transcription of T73-satRNA by 
Northern Blotting Analysis 

The regenerated plants Sat-71 and Sat-72 were 
checked for the transcription of mRNA of T73- 

35 satRNA gene. First, total RNAs were extracted from 
each of these two plants and the extracted RNAs 
were denatured by glyoxal and dimethylsulfoxide in 
accordance with the Thomas' method (Thomas, 
Proc. Natl. Acad. Sci. USA 77:5201-5205(1980)). 

40 The resultant was subjected to agarose gel elec- 
trophoresis. The separated RNAs were transferred 
to a nylon membrane (Gene Screen Plus 
(commercially available from Dupont) and Northern 
blotting analysis was carried out using the DNA 

45 fragment of 0.4 kb used in the above-described 
Southern blotting analysis as a probe. 

The results are shown In Fig. 4. As a result of 
the Northern blotting analysis, transcription of a 
mRNA of 1.3 kb was confirmed in Sat-71 and Sat- 

50 72. The size of this mRNA is Identical to the 
expected mRNA transcribed from T73-satRNA. 
Such a transcription of mRNA was not observed in 
the parent JTM-7 used as a control. Thes results 
indicate that the mRNA is transcribed from T73- 

55 satRNA gene in these two plants. 

The regenerated plants Satm-11, Satm-12 and 
Satm-13 were analyzed in the same way. As a 
result, the transcription of the mRNA of T73- 
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satRNA gene was confirmed in thes three plants. 

(7) Expression of Synnptoms by Mechanical In- 
oculation with Cucumb r Mosaic Virus 

Transformants Sat-71 and Sat-72, in which the 
introduction of the cDNA of T73-satRNA and the 
transcription of mRNA therefronn were confirmed 
were inoculated with ordinary strain (0 strain) of 
cucumber mosaic virus. As a control, the parent 
variety JTM-7 was also inoculated with the virus. 

As a result, although the mosaic-like symptom 
was slightly observed in the Sat-71 and Sat-72 
inoculated with cucumber mosaic virus 0 strain, 
the morphologies and growth conditions of these 
transformants were the same as the parent JTM-7 
which was not inoculated with the virus and the 
fruits were also normally formed as in the parent 
plant. In contrast, the growth of the parent JTM-7 
inoculated with the virus was extremely delayed 
and no fruits were formed. From these results, it 
was proved that the expression of the symptoms in 
the plants in which the expression of T73-satRNA 
was confirmed is extremely slight even when the 
plants are infected with cucumber mosaic virus 
ordinary strain. 

RNAs were extracted from Sat-71 and Sat-72 
inoculated with cucumber mosaic virus O strain 
and were analyzed by agarose gel electrophoresis. 
The results are shown in Fig. 5. It was confirmed 
that T73-satRNA as well as the RNA of cucumber 
mosaic virus were replicated. On the other hand, 
T73-satRNA was not detected in the JTM-7 inocu- 
lated with cucumber mosaic virus O strain. From 
these results, it was proved that the replication of 
T73-satRNA observed in the transformants attenu- 
ates the symptoms. 

Transformants Satm-11, Satm-12 and Satm-13 
were also inoculated with cucumber mosaic virus 0 
strain. As a result, the symptoms were substantially 
not observed. Further, the replication of T73- 
satRNA was observed in these transformants. 

By the above-described experiments, it was 
confirmed that the tomatoes in which the cDNA of 
T73-satRNA only exhibit slight symptoms even If 
they are Infected with cucumber mosaic virus, so 
that they acquired substantial resistance to the 
virus. Thus, by the present invention, production of 
tomatoes resistant to cucumber mosaic virus, 
which could not hitherto be attained, was first at- 
tained. 

Claims 

1. A tomato resistant to cucumber mosaic virus, 
which has a cDNA of a satellite RNA of cu- 
cumber mosaic virus. 



2. The tomato of claim 1 , wher in said cDNA Is a 
cDNA of T73-satRNA. 

3. A method for transforming a tomato compris- 
5 ing transforming said tomato with Agrobac- 

terium tumefaciens to which a plasmid contain- 
ing a DNA region originating from the virulence 
region of Ti plasmid pTIBo542, and a cDNA of 
a satellite RNA of cucumber mosaic virus are 
70 introduced. 

4. The method of claim 3. wherein said DNA 
originating from the virulence region of said 
pTiBo542 contains virB, virG and virC genes. 

75 

5. The method of claim 3, wherein said plasmid 
containing the DNA originating from the viru- 
lence region of said TI plasmid pTiBo542 is 
plasmid pTOK162. 

20 
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XO 

GXJXJTJTJGXJTJXJG 
40 

GXJXJAXJAXJCZXJA, 
-7/0 

CGGXJGXJGGGXJ 
O-O O 

XiJTJGAGTJ CGA^C 
X30 

CXJGGCXJXJGCG 
XGO 

GCZA.C2XJACZGCZG 

1 9 O 

GXJXJXJGCZTJAGC 

22 O 
CZCGXJXJAC C 

2 5 O 

XJGXJXJAGGXJGG 
2SO 

O G G A.G AO O C U 

3 X O 

CZXJCCGXJGJ^AXJ 



20 
SO 
SO 

UACCUCCCUG 
X XO 

GCACGXJCGGA 
X40 

AGCXJAXJGTJCZC: 
X70 

cuc:a.ut:jt:jga.g 

200 

AGAACCCGGC 
230 

GGACUUCGAA 

2 S O 

XJAXJCGXJGGAU 
290 

AAGACXJXJAJJG 

3 20 
GU C U A.C 



30 

GCGXJAGAGGG 
SO 

CAUCAQUCGG 
90 

CXJACGGCGGG 
X20 

C XJGGGGA.C CG 
X50 

GCUACCCUCA 
X80 

CCZCCZCGCXJCA 
2XO 

ACi=S.UGGUUCG 
2 4 O 

AG AAAAAC TU C 
2 V O 

GAG G C AC G C A 
300 

UXJ AUG C U G AU 
330 

UCCUCUACAG 



GACCC 
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Fie. 3 



1 . Non-transfomed JTM-7 

2 . Transfonaant Sat-71 

3 . Trans fonnant Sat-72 
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I • 3 kb 



1 - Non-transfonied JTM-7 

2 . Transformant Sat-71 

3 . Transformant Sat-72 
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Lane 1 : Non-inoculated Transfornant Sat-71 
Lane 2 : Sat-71 inculated with CMV 0 strain 

Lane 3 : Non- transformed JTM-7 inculated with a mixture of CMV 0 strain 
and T73-sat RNA 

ds RNA : Band of double-stranded T73-satRNA 

ss RNA : Band of single-stranded T73-satRNA 
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